n-Hexane, chloroform, ethyl acetate and 50% ethanol in water extracts prepared from the air-dried flowering parts of Lythrum salicaria L. were tested for in vitro pharmacological properties on Guinea-pig ileum, which is suitable for detecting a whole range of neuronal and smooth muscle effects. UHPLC-MS was used to evaluate polyphenol components of the extracts. In the ileum, the most prominent response (46.4% related to 0.5 μM histamine) of the extracts causing smooth muscle contractions were triggered by the 50% ethanol in water extract in a concentration-dependent manner. Atropine, indomethacin and PPADS plus suramin significantly reduced the contractile response caused by this extract. The strongest inhibition was due to atropine. The results suggest that L. salicaria extracts have a moderate muscarinic receptor agonist effect in Guinea-pig ileum and that prostanoids and purinoceptor mechanisms are involved to some extent. Therefore diluted extracts of L. salicaria p.o. could be used as a mild stimulant of gastrointestinal motility. The 50% ethanol in water extract was rich in polyphenols. n-Hexane, chloroform and ethyl acetate extracts failed to contain catechin, caffeic acid, quercetin-3-D-galactoside and rutin, but they all showed spasmogenic effects, and, therefore we do not think that these compounds could be involved in the spasmogenic activity.
Lythrum salicaria L. (purple loosestrife) is a widely distributed herb growing worldwide in wet habitats. Lythri herba is an official drug in the European Pharmacopoeia [1] . Recently, L. salicaria has been reported to have astringent, antidiarrheal, hypoglycemic, antioxidant, anti-inflammatory, antinociceptive, antifungal and antibacterial properties [2] [3] [4] [5] [6] [7] , which are attributed to the major groups of its compounds, i.e., tannins and flavonoids [8] .
There are little pharmacological data about the effects and mechanism of action of L. salicaria extracts. In order to separate constituents responsible for spasmogenic and spasmolytic activities, activity-guided fractionation was carried out using different solvents (n-hexane, chloroform, ethyl acetate and 50% ethanol in water) on isolated Guinea-pig ileum. The most effective extract was tested both in the absence and presence of various drugs with specific mechanisms of action. The Guinea-pig small intestine was chosen as an isolated organ capable of detecting a whole range of neuronal and smooth muscle, inhibitory and excitatory effects (Table 1) . In order to determine the background for the results obtained, phytochemical analyses of the extracts were carried out by UHPLC-MS.
The n-hexane, chloroform, ethyl acetate and 50% ethanol in water extracts (10 μL/5 mL organ bath) produced contractile responses (n = 5-7) on Guinea-pig ileum preparations ( Fig. 1 and 2A) . The largest contractions were elicited by the 50% ethanol in water extract. The effect was concentration-dependent ( Figure 2B ). Higher concentrations could not be investigated because of the effect of the solvent on the preparations. The spasmogenic effect partially faded away without washing the tissue with fresh bathing fluid ( Figure 1 ). The magnitude of contractions induced by electrical stimulation was not significantly influenced by the presence of extracts ( Figure C) . The solvents by themselves caused no response. Brun et al. reported that Salicarine ® , an antidiarrheal preparation from flowering tops of L. salicaria elaborated in France, significantly inhibited the barium-chloride-or acetylcholineinduced contractions of rat duodenum in a concentration-dependent manner, but its effect was limited in magnitude (about 60% inhibition), in spite of increasing concentrations [7] . Spasmolytic effects of many flavonoids have been proven, e.g. vitexin produced a non-competitive antagonism on the acetylcholine dose-response curve of rat duodenum while isovitexin lacked this inhibitory effect [9] . Isoorientin caused concentration-dependent inhibition of the amplitude and the frequency of the phasic contractions of the rat and Guinea-pig uterus, but did not affect the isolated aorta, ileum or trachea [10] . By contrast, our results clearly demonstrate that the extracts of L. salicaria flowering branch tips produce contractile responses on the Guinea-pig ileum. A similar phenomenon has already been reported [11] .
The following pre-treatments significantly reduced the responses of the ileum preparations due to 10 μL of 50% ethanol in water extract in a 5 mL organ bath: atropine, atropine combined with tetrodotoxin, indomethacin and PPADS combined with suramin. The strongest inhibition was caused by atropine, i.e., tetrodotoxin did not add to the inhibitory effect of atropine. The effect of the extract was insensitive (no or small, non-significant difference) to pre-treatment with tetrodotoxin, capsaicin, chloropyramine and α,β-meATP ( Figure 2D ). None of the drugs applied could completely abolish the contractile responses due to the plant extract showing that more mechanisms are involved in its spasmogenic effect.
We found that the contractile response of the ethanol extract was reduced strongly, but not completely, in the presence of the nonselective muscarinic antagonist atropine, indicating that muscarinic receptor activation could partially explain the contractile response. Since the response was not significantly inhibited by tetrodotoxin (a Na + channel blocker that fully suppresses the cholinergic 'twitch' response), it seems probable that cholinergic stimulation of the Lythrum extract is a post-junctional phenomenon, i.e. takes place at the level of the smooth muscle. According to literature data bioactive constituents of L. salicaria show inhibition of acetylcholine esterase (10-19%) [12] . We doubt, however, that such an effect can account for the contractile response; if our extracts had acetylcholine esterase inhibitory activity, it should have increased the cholinergic contractions elicited by electrical stimuli. Responses due to the 50% ethanol in water extract were also significantly reduced by the cyclooxygenase inhibitor indomethacin and the purinergic P 2 receptor inhibitor PPADS plus suramin, the former suggesting that the contractile responses are also mediated through prostanoids. A weak inhibitory effect of the P 2 purinoceptor antagonists might indicate some involvement of a purinergic mechanism, although endogenous purinoceptor agonists may positively modulate cholinergic excitation [13] . Overall, the inhibitory effects of fairly highly-dosed indomethacin or the purinoceptor antagonists were only moderate. This could indicate some release of prostanoids and an ATP-like substance by the extract (in addition to a contractile effect of unknown origin) Spasmogenic effect of Lythrum salicaria extracts Natural Product Communications Vol. 8 (9) 2013 1249 and/or, alternatively, a positive modulation of the contractile effect of the extract by prostanoids or ATP-like purinergic agonists. Pretreatment of the tissues with chloropyramine, a histamine (H 1 ) receptor blocker, did not alter the response due to the plant extract, demonstrating that no histamine receptor activation has a role in the contractile responses. Pre-treatments with α,β-meATP, a purinergic P 2X receptor agonist and desensitizer [14] , and capsaicin, that damages the afferent nerve endings [15] , elicit no changes in the responses demonstrating that these pathways are also not involved in the contractile mechanism.
The polar fraction (50% ethanol in water extract) was found to be rich in polyphenols. Ellagic acid could be detected in the highest amount, followed by isoorientin and orientin ( Table 2) . Recently, Tunalier et al. reported some quantitative data on the flavonoid content of the whole aerial parts of L. salicaria [2] . The ethyl acetate extract contained 1.3 mg/g isoorientin and 0.67 mg/g isovitexin, compared with our 25.4 μg/g and 7.4 μg/g, respectively. Their 50% methanol in water extract contained 6.18 mg/g isoorientin and 1.94 mg/g isovitexin, compared with 1.32 mg/g and 0.13 mg/g, respectively, in our 50% ethanol in water extract. In the present study, the extracts contained lower quantity of isoorientin and isovitexin. n-Hexane, chloroform and ethyl acetate extracts also showed spasmogenic effects while catechin, caffeic acid, quercetin-3-D-galactoside and rutin could not be detected in these extracts. For this reason we do not think that these compounds play a part in the mechanism of the spasmogenic effect. Further isolation, purification and pharmacological analysis of the different components are necessary to identify the components responsible for the antispasmodic and spasmogenic effects. Cholinergic receptor stimulants are used against gastrointestinal atony. The present results may suggest that a diluted extract of L. salicaria p.o. could be used as a mild stimulant of gastrointestinal motility. 
Preparation of extracts:
One g drug was extracted with 10 mL solvent (n-hexane, chloroform, ethyl acetate or 50% ethanol in water, respectively) using an ultrasonic water bath at 40ºC for 3 min. The solutions were filtered, evaporated by vacuum-distillation (yield of dried extracts: 11.1 mg, 13.5 mg, 28.2 mg and 90.5 mg, respectively) and diluted to 10 mL with DMSO in the case of the n-hexane, chloroform and ethyl acetate extracts and with 50% ethanol in water in the case of the 50% ethanol in water extract.
DMSO was used to ensure the blending with the organ bath in the case of the n-hexane, chloroform and ethyl acetate extracts and qualitative-quantitative analyses were carried out with these extracts. All solvents were of analytical grade and obtained from Sigma-Aldrich Ltd. (Budapest, Hungary). 
Animals and preparation:
Short-haired, colored Guinea-pigs of both sexes, weighing 400-600 g, were killed by stunning and bled. The pre-terminal ileum was excised and put in Krebs' solution.
Whole segments of the ileum (approx. 3 cm in length) were made up as longitudinally-oriented preparations that were put into organ baths containing 5 mL of Krebs' solution (composition [mM]: NaCl 119, NaHCO 3 25, KH 2 PO 4 1.2, CaCl 2 2.5, MgSO 4 1.5, KCl 2.5 and glucose 11) and kept at 37°C with the aid of a circulating thermostat (Experimetria, Budapest, Hungary). The bathing fluid was bubbled with a mixture of 5% CO 2 and 95% O 2 . The preparations were connected to isotonic lever transducers (Hugo Sachs Elektronik/Harvard Instruments, March-Hugstetten, FRG). Movements of the tissues were recorded on compensographic ink writers. The load on the tissues was 7 mN. Experiments began after 40 min equilibration of the preparations. Contractions were compared with and expressed as percentage of the maximal longitudinal spasm evoked by histamine (0.5 μM) administered at the beginning of the experiment and washed out carefully. Lythrum extracts were administered twice, each for 15 min, with a washout period of 30 min.
Drugs and contact times:
Sources of drugs were as follows, alpha,beta-methyleneATP (α,β-meATP), atropine sulfate, capsaicin, tetrodotoxin, pyridoxal-5'-phosphate-6-azophenyl-2',4'-disulfonate (PPADS), suramin sodium salt, indomethacin (Sigma); chloropyramine hydrochloride (Suprastin ® inj., Egis, Hungary). The following concentrations and contact times were used for pretreatments: α,β-meATP (15 + 15 μM), 10 min each; PPADS (50 μM) plus suramin (100 μM), 20 min; chloropyramine (0.2 μM), 15 min; indomethacin (2 μM), 15 min; atropine (0.5 μM), 15 min; tetrodotoxin (0.5 μM), 15 min; atropine plus tetrodotoxin, 15 min. Capsaicin (10 μM) was administered for 10 min for producing tachyphylaxis (desensitization), but was removed from the organ bath and a 40-min washout period was allowed to the preparations to recover from its smooth muscle-depressant effect [16] .
Electrical field stimulation:
Electrical field stimulation was delivered by a high-performance stimulator (Experimetria, Budapest, Hungary) through platinum wire electrodes placed in the bathing solution above and below the preparation, at a distance of 4 cm from each other. Parameters of electrical field stimulation were as follows: 60 V amplitude, 0.1 ms pulse width, single shocks at a frequency of 0.05 Hz.
Statistical analysis:
For the analysis of the primary data Microsoft Excel 2010 Software was used. Statistical evaluation of the data was performed with Microsoft Excel WinSTAT. Ileum contractions were expressed as mean ± SEM as a percentage of the maximal longitudinal spasm triggered by histamine (0.5 μM). The Mann-Whitney test was used for 2 independent samples, Kruskal-Wallis test was used for more than 2 independent samples and Wilcoxon's signed rank test was used for 2 related samples. Data were considered to be significant if p<0.05.
Qualitative-quantitative chromatographic analysis: UHPLC-MS system and method:
The qualitative and quantitative analyses of polyphenolic compounds were performed by LC-MS (Agilent 1290 Infinity UHPLC) consisting of a 1290 Infinity binary pump (G4220A), Infinity TCC (LC column compartment temperature control device, G1316C), Infinity autosampler (G4226A), and Infinity DAD (UV diode-array detector, G4212A). The Q-TOF MS instrument (Agilent 6530 Accurate Mass Q-TOF LC/MS system; Agilent Technologies, USA) was operated with an Agilent Jet Stream ESI source in negative ionization mode with a mass accuracy <1 ppm, a mass resolution of 10,000-20,000 (150-966 m/z), a measuring frequency of 10,000 transients/s and a detection frequency of 2 GHz (200,000 points/transient). The Jet Stream ion source was operated using the following conditions: pressure of nebulising gas (N 2 ) 35 psi, the temperature and flow rate of drying gas (N 2 ) 325°C and 7 L/min, and the temperature and flow rate of sheath gas 200°C and 10 L/min. The capillary voltage was 4000 V, and the fragmentor and skimmer potential were set to 100 V and 65 V, respectively. Reference ions used for mass calibration: purine 119.036319 [M−H] − , HP-921 = hexakis (1H,1H,3H-tetrafluoropropoxy)phosphazine 966.000725 [M+HCO2] − . The measurements and post-run analyses were controlled by the MassHunter Acquisition software.
Separations were performed on a Zorbax Extend C18 column (50 × 2.1 mm, 1.8 μm particle diameter, Agilent, USA). Two mobile phases, solvent A containing water: formic acid (99.5:0.5, v/v) and solvent B containing methanol: formic acid (99.5:0.5, v/v) were used. The gradient profile was set as follows: 0.00 min 3% B eluent, 7.00 min 20% B eluent, 7.10 min 30% B eluent, 17.00 min 40% B eluent, 25.00 min 100% B eluent, 25.10 min 3% B eluent and 30.00 min 3% B eluent. The flow rate was 0.5 mL/min, and the column temperature was 50°C. The injection volume was 0.5 μL for Lythrum extracts and for standard mixtures. UV detection wavelengths were 280 nm and 360 nm. Components were identified by comparison of their retention times, UV spectra and mainly by the mass of their deprotonated molecules ([M-H] -) with those of the standards and in published literature [8, [17] [18] .
Standard solutions:
Standard stock solution for LC-MS analyses (0.5 mg/mL in methanol) contained gallic acid, ellagic acid, caffeic acid, catechin, vitexin, orientin, isovitexin, isoorientin, quercetin-3-D-galactoside, chlorogenic acid, rutin, apigenin, and luteolin. Samples were diluted in water: methanol (4:6, v/v) with 0.5%, v/v formic acid to a series of appropriate concentrations (18.5-100.000 ng/mL) for the construction of calibration curves. All the stock solutions were stored in amber flask at 4°C. All of the standards were purchased from Sigma-Aldrich Ltd. (Budapest, Hungary).
